Background: The possible effects of dairy product intake against obesity have been suggested in animal studies; however, the association is still not well established in epidemiological studies. Few studies in Asian countries with relatively low intake of dairy products exist.
Introduction
It has been suggested that dairy products may reduce the risk of obesity through the properties of their individual components including calcium, branched chain amino acids, conjugated linoleic acid, protein, vitamin D, and medium-chain fatty acids [1] . Recent reviews suggested modest inverse association between dairy product intake and obesity [2, 3] . Studies on dairy product intake and obesity have been conducted in Western countries but are scarce in Asian countries, where consumption of dairy products is often much lower than that of Western countries. According to the 2009 Korea National Health and Nutrition Examination Survey (KNHANES), the mean frequencies of milk and yogurt intake of Koreans were 3.0 and 1.2 times/week, respectively [4] .
One of the major components of dairy products which may be related to obesity is calcium. Although recent reviews reported that dietary calcium intake could lead to weight loss [1, 5] , few studies exist in Asian countries on this issue [6] .
Thus, we examined the association between consumption of dairy products and obesity, and whether calcium intake is negatively related to obesity in Korean adults.
Subjects/Methods
Subjects and exclusion criteria KNHANES was conducted under the National's Health Promotion Act in Korea, designed to gather data on health status, attitudes and behavior towards health, diet, and nutrition of Korean population. The survey was conducted in four rounds (1998, 2001, 2005, and 2007-2009 ). The fourth round, from which the data for our analyses were collected, was conducted throughout the year to avoid seasonal bias in diet. The participants of the 4th KNHANES were selected using a rolling sampling method designed to represent the Korean population since 2007 [7] . KNHANES consisted of a health interview, health examination, and nutrition survey.
In the 2007, 2008 and 2009 KNHANES, 4594, 9744, and 10533 individuals participated, respectively. After we excluded subjects under 19 and over 65 years old, the number of participants was reduced to 14, 334 . In order to reduce any potential bias, we have excluded subjects who reported change in their diet to lose weight (n = 3,659), which resulted in 14,334 adults. Then, we excluded participants who were either pregnant (n = 123), who did not have dietary intake data (n = 1,924), whose caloric intake was rather extreme of either ,500 or 6000 kcal/day (n = 103), or who did not have anthropometric data to calculate BMI (n = 869). We excluded those who were underweight (n = 535) because they could have a causal-effects. Subsequently, we had 7,173 subjects in final analysis (men = 3,400, and women = 3,773).
The study was conducted in accordance with the Ethical Principles for Medical Research Involving Human Subjects, as defined by the Helsinki Declaration. All the study subjects were provided with written informed consent for the survey. Moreover, de-identified data were used in the study.
Dietary assessment and dairy product intake
Extensive interviews for dietary intake were conducted at participant's home. Ten to twelve nutritionists underwent a regular one-week intensive training program at the beginning of survey year and were assigned to 40 to 50 sited to conduct nutrition survey. Each nutrition survey team consisted of two nutritionists. Moreover, quality control on interview at field was conducted throughout the survey by the Center for Nutrition Policy and Promotion at the Korea Health Industry Development Institute.
Dietary assessments consisted of a qualitative food frequency questionnaire (FFQ) for the past year and one-day-24-hour recall. The FFQ consisted of 63 commonly consumed food items in Korea with frequency of food intake in 9 categories (almost never, 6-11 times/year, 1 time/month, 2-3 times/month, 1 time/week, 4-6 times/week, 1 time/day, 2 times/day, and 3 times/day). Cheese was not included in the FFQ because cheese intake is very low in Korea. Therefore, we defined dairy product as a combination of milk and yogurt in our analysis. We categorized intake of milk and yogurt as none, # l/month, .1/month-#1/ week, .1/week -,1/day, and $1/day. The intake category of dairy products was categorized as #l/month, .1/month-#1/ week, .1/week-,3/week, $3/week-,1/day, $1/d-,2/day, and $2/day.
We also examined dairy product intake from 24-hour recall. We extracted milk intake data and separated them into low-fat (,2%), medium-fat (2-, 3.4%), and high-fat ($3.4%) according to fat content (g/100 g). The number of subjects consuming low-fat milk was very low (n = 94) so that we combined low-and medium-fat as ''low or medium-fat'' (,3.4%). In case of yogurt, we were able to categorize it into liquid vs. semi-solid type in the 24-hour recall data. Intakes of total calcium, non-dairy calcium, and dairy calcium were evaluated using 24-hour recall data. Non-dairy yogurt was not included.
Anthropometric measurements
Weight and height were measured by well-trained medical professionals. Standing height was measured when the subject faced directly ahead with shoes off, feet together, arms by the sides, and heels, buttocks, and upper back in contact with the wall. The unit of height was measured in centimeters with one decimal point using SECA 225 (Germany, SECA). Weight was measured using GL-6000-20 scale (Cass Korea) in kilograms with one decimal point. BMI was calculated as weight (kg)/height (m 2 ). We defined obesity as a BMI $25 kg/m 2 , consistent with the proposals of the Asia-Pacific region of World Health Organization (WHO) [8] and the criteria by the Korea Centers for Disease Control and Prevention (KCDC).
Statistical analysis
Baseline characteristics of dairy product intakes in quintile groups were analyzed. Means and standard errors (SEs) of continuous variables were calculated. The Proportions of each covariate in the quintile groups for each group was calculated. P value was calculated by using generalized linear model (GLM) for continuous variables and Chi-square test for categorical variables.
We conducted logistic regression to assess the associations between dairy product intake and obesity using data from 24-hour recall and FFQ. In 24-hour recall data, 212.0 g (approximately 1 glass of milk) was the median intake among those who drank milk, which used it as a cutoff point. For calcium, we used quintiles for intake of total calcium and calcium from non-dairy sources. For dairy calcium, we categorized into 3 categories (0, ,214 mg/day, and $214 mg/day). 214 mg was the median of dairy calcium intake among those who consumed dairy product, which used it as a cutoff point.
All the models were adjusted for age and sex. We conducted multivariable logistic regression analyses for the association between dairy product intake and obesity. The covariates such as education, income, smoking, alcohol drinking, and physical activity were associated with the risk of obesity in the age and sex logistic regression analysis (P,0.10). Energy intake is well-know the risk factor of obesity. Therefore, the multivariable model was additionally adjusted for income (lowest, low, high, highest; defined by KCDC), education (elementary school, middle school, high school, college or higher), alcohol drinking (continuous), smoking status (non-smoker, past smoker, current smoker and ,1 pack/day, current smoker and $1 packs/day), physical activity (no-exercise or irregular walking, regular walking, regular moderate-level activity, regular vigorous-level activity), survey year (2007, 2008 , and 2009), and energy intake (continuous). For the secondary analysis of dairy products, we further adjusted for calcium intake because calcium intake could potentially reduce the risk of being obesity [1, 5] .In addition, we conducted a stratified analysis by gender. To assess whether there was any linear association between dairy products or calcium intake and obesity, tests for linear trends were performed by treating the median value of each intake category of dairy product or calcium as a continuous variable. All analyses were performed using SAS statistical software (version 9.2; SAS Institute Inc., Cary, NC).
Results
The characteristics of the study population according to the frequency of dairy product intake assessed by FFQ are presented Frequency of dairy product intake includes milk and yogurt items. P-value was calculated by GLM for continuous variables and Chi-square test for categorical variables. doi:10.1371/journal.pone.0099085.t001
in Table 1 . Participants who consumed dairy products more frequently tended to be younger and to have lower BMI and higher calcium intake. They were also more likely to be female and non-smokers and to have higher education and income. Table 2 presents the odds ratio of obesity according to the level of dairy product consumption from FFQ. We found that higher dairy product intake was associated with a lower prevalence of obesity (OR = 0.63; 95% CI = 0.45-0.89 for $2 times/day vs. #1 time/month; p for trend = 0.003). Similarly, intakes of milk and yogurt were each associated with a lower prevalence of obesity (milk: OR = 0.81; 95% CI = 0.68-0.96 for $1 time/day vs. 0 [p for trend = 0.002]; yogurt: OR = 0.77; 95% CI = 0.59-1.00 for $1 time/day vs. 0 [p for trend = 0.01]). In a secondary analysis, we further adjusted for calcium intake in the multivariate models; the results for dairy product, milk, and yogurt remained similar. In a stratified analysis by gender, intakes of dairy products and milk were associated with obesity only in women. Yogurt intake was not associated with obesity in either men or women (Table 3) .
When we examined the intake from the 24-hour-recall, there was an inverse association between intake of dairy products and obesity (Table 4) . When we stratified milk by fat content, only lowand medium-fat milk (less than 3.4% fat) had inverse associations with obesity (OR = 0.80; 95% CI = 0.60-1.00 for .212 g/day vs. non-consumer group; p for trend = 0.03, OR = 0.79; 95% CI = 0.67-0.93 for consumer vs. non-consumer group). Neither liquid nor semi-solid type yogurt intake showed any association with the obesity.
In addition, we explored whether calcium, one of the important nutrients of dairy products, has a protective effect against obesity (Table 5) . After adjusting for potential confounders, higher calcium intake from dairy products as well as total calcium intake were associated with a lower prevalence of obesity (dairy calcium: OR = 0.83; 95% CI = 0.71-0.98 for $214 mg/d vs. 0 mg/d; p for trend = 0.02, total calcium; OR = 0.78; 95% CI = 0.64-0.94 for highest vs. lowest quintiles; p for trend = 0.04). Association of obesity with non-dairy sources of calcium intake was not significant. Total dietary calcium and dairy calcium intake were inversely associated with obesity in women but not in men, while non-dairy calcium intake was not associated with risk of obesity in both men and women (Table 6 ).
Discussions
We found that higher intake of dairy products including milk and yogurt was associated with lower prevalence of obesity in Korean adults. Even though dairy product intake was much lower than that of Western countries, we still found strong inverse association between dairy product consumption and obesity in Table 2 . Age-and gender-adjusted and multivariate-adjusted ORs and 95%CIs for obesity according to the frequency of dairy products intake using food frequency questionnaire for 1 year among the adults in the Korean Health and Examination Survey (KNHANES). Table 3 . Multivariate and calcium-adjusted ORs and 95%CIs for obesity according to the frequency of dairy products intake using food frequency questionnaire for 1 year among the adults in the Korean Health and Examination Survey (KNHANES) by gender. Multivariate models were adjusted to the covariables except gender as denoted in Table 2 . doi:10.1371/journal.pone.0099085.t003
Korean population. Higher intake of dairy calcium as well as total calcium was associated with lower prevalence of obesity.
There have been several studies on the association between dairy product intake and obesity or weight gain in Western countries. Recent review of this issue suggested a moderately inverse association based on the studies of adolescent, adult, and elderly subjects. [2] . For adults-only studies, the results have been mixed; some studies found inverse associations [9] [10] [11] [12] , consistent with our results, while others found no association between dairy products and obesity [13] [14] [15] . For example, the CARDIA study [11] found an inverse association between dairy consumption and obesity during 10-years of follow-up, whereas the Health Professionals Follow-up Study found no association with weight gain [14] . To our knowledge, there has been no large-scale and national-level study on the association between dairy product intake and obesity in Asian populations. One small study in Japan on the relationship between dairy product intake and BMI among female college students found no association [6] .
Dairy product consumption in many Asian countries including Korea used to be low but has been gradually increasing. For example, mean dairy product intake among Korean population was 2.4 g/day in 1969 and has increased to 101.2 g/day in 2009 [16] . Still, the intake is much lower than that of Western countries. For example, average milk intake was approximately 67 g/day in Korea in 2005 [17] compared to 170 g/day in the U.S in 2005-2006 [18] . Nevertheless, even with dairy product intake much lower than that of Western countries, we found strong inverse association between dairy product consumption and obesity in Korean population.
Our results on dairy products intake from 24-hour recall data confirmed the findings from FFQ data and revealed that low and medium-fat milk intake but not high-fat milk intake was associated with a lower prevalence of obesity. Alternatively, consuming highfat dairy products may lead to weight gain, whereas consuming low-fat dairy products may result in weight loss as found in a randomized crossover trial [19] . Table 4 . Age-and gender-adjusted and multivariate-adjusted ORs and 95%CIs for obesity according to the amount of dairy products intake per day using 1day-24hr-recall among the adults in the Korean Health and Examination Survey (KNHANES). The group of intake .0 was excluded for p-for trend test in each variable. Multivariate models were adjusted for the same covariables as denoted in Table 2 . doi:10.1371/journal.pone.0099085.t004
High intake of calcium was inversely associated with obesity in our population, similar to previous studies [5, 20, 21] . The potential protective mechanism of calcium is to regulate the adipocyte metabolism to depress parathyroid hormone and 1, 25-hydroxy vitamin D to decrease intracellular calcium, which may inhibit lipogenesis and stimulate lipolysis [22, 23] . Another function of calcium is to increase excretion of fecal fat [24] [25] [26] . We also found that calcium intake from dairy products was inversely associated with obesity, which contradicts with some studies [14, 27] , while is consistent with others [28] [29] [30] .
Besides calcium, other components of dairy products which may be responsible for the inverse association with obesity include branched chain amino acids [31] , vitamin D [5] , conjugated linoleic acid [32] , medium-chain fatty acids [33] , bioactive peptides from casein, and whey protein [34] . The association of dairy product intake and obesity was not essentially changed after adjusting for calcium intake in the multivariable models, which indicates that other components in dairy products may also contribute to the inverse relationship between dairy products and obesity although vitamin D is not universally fortified in milk in Korea.
Our secondary analysis found that there may be some gender differences in the relationship between dairy or calcium intake and obesity with stronger inverse association among female than in male, although the results in male still suggested inverse association. Because the sample size for men and women were similar, it may not be due to differences in statistical power. Similar gender difference in the association between milk consumption and change in BMI was found in a French study with significant association in women only [15] . Furthermore, the third National Health and Nutrition Examination Survey [22] , HERITAGE Family study [35] , and Québec Family Study [36] , found an inverse association of calcium intake with body fat and BMI among women but not among men. Differences in diet and lifestyle between men and women might have contributed to the gender difference [15] . In case of yogurt intake, we did not have large number of cases in high intake group to detect an association. Thus, we shouldn't rule out the possibility that yogurt intake is also inversely related to obesity.
Our study has several strengths. First, this is one of the few first Asian studies that examined the association of dairy product intake and prevalence of obesity, of particular with the population who consume relatively small amount of dairy products. Second, our data are from a representative nationwide sample that was carefully selected using a systematic sampling method to minimize selection bias and maximize representativeness for the Korean population. Third, there may have been less measurement error for assessment of weight and height because anthropometric measurements were conducted by well-trained health care professionals using standardized equipments. Fourth, we examined dairy product intake using two different dietary assessment method which can assess either long-term (FFQ) or short-term (24-hour recall) intake. Inverse association was found using data from both assessment methods, strengthening our findings.
One of the limitations of our study was that data were obtained from a cross-sectional survey and hence a casual-relationship cannot be proven. In order to minimize the limitation, we excluded data from people who intended to lose weight by changing their diet. We used the representative data but our final Table 5 . Age-and gender-adjusted and multivariate-adjusted ORs and 95%CIs for obesity according to the amount of calcium intake derived from different sources per day using 1day-24hr recall among the adults in the Korean Health and Examination Survey (KNHANES). Table 6 . Age-adjusted and multivariate-adjusted ORs and 95%CIs for obesity according to the amount of calcium intake derived from different sources per day using 1day-24hr recall among the adults in the Korean Health and Examination Survey (KNHANES) by gender. Multivariate models were adjusted to the covariables except gender as denoted in Table 2 . *Median value among those who had intake of dairy calcium in 24-hr recall data. doi:10.1371/journal.pone.0099085.t006
analysis population may not be representative of Korean adults because we excluded large number of participants in the analysis.
In conclusion, the results from our study suggest that high consumption of dairy products is related to a lower prevalence of obesity in Korean population. In addition to the findings that Calcium as a component of dairy products may contribute to the inverse association. Prospective studies are warranted to confirm these associations in Asian countries with relatively low intake of dairy products.
